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Acid neutralization potential
The neutralization potential (NP) equation was developed for wood ash to estimate potential contribution to alkalinity based on total Ca, Mg, and K concentrations (MDDEFP, 2012) . The NP of an amendment estimates its ability to consume acid. For biochars produced from similar feedstock, using similar pyrolysis conditions at two different temperatures, those produced at lower temperatures were more acidic. Airex 1 and BassWd 400, which were pyrolyzed at lower temperatures, had slightly acidic pH, lower NP, and significantly more volatile matter compared to Airex 2 and BassWd 450 (Tables 3 and S1, Figure 2 ). The NP of Willow, SGrass, and Poultry litter biochars pyrolyzed at 450 o C was also lower than those pyrolyzed at 500 o C (Table S1 ).
This trend was similar to those reported by Singh et al. (2010) who estimated CaCO 3 equivalents using a titration method, and found that the majority of biochars produced at 400 o C were more acidic than those produced at 550 o C.
Poultry litter had the highest NP, followed by WdAsh and Willow biochars (Table S1 ).
Identification of sylvite by X-ray diffraction (XRD), and the relative intensities of K and Cl in the Poultry litter 450 energy dispersive X-ray (EDX) spectra indicate that KCl was the dominant K-containing mineral in Poultry litter biochars (Figures 5, 7g) . KCl is not expected to consume protons, unlike carbonate and silicate minerals (Blowes et al., 2014) , and the acid neutralizing potential of Poultry litter biochars may have been over-estimated. Still, Poultry litter, Willow biochars, and WdAsh A had the highest total inorganic C values (Table 3) , and likely contain higher carbonate concentrations than the other samples. The high NP of Poultry litter biochars is also consistent with greater CaCO 3 equivalents in manure-compared to wood-derived biochars that were determined using titration methods (Singh et al., 2010) . Signals attributed to Caoxalate (whewellite) were identified in Willow 450, whereas Ca-carbonate was more common in S3 the other biochars and WdAsh ( Figure 5 ). The pKa of oxalate are 1.27 and 4.28, whereas those of carbonate are 6.4, and 10.3 (Goldberg et al., 2002) . Despite similar NPs of Willow 450 and WdAsh B (Table S1) , differences in the type of Ca-containing minerals may translate to differences in buffering and acid neutralizing behaviour and NP may not sufficiently reflect the buffering behaviour of biochars and WdAsh. Site properties must also be considered when estimating the ability of amendments to change the pH of a site. Experiments that applied 1-30 wt.% biochar and wood ash showed that the extent of pH change also depended on the type of receiving material at the site (Beauchemin et al., 2015; Fellet et al., 2011; Kelly et al., 2014; Ohno and Erich, 1990) . The pH of a site is influenced by organic matter concentration and composition, biological activity, as well as the types and particle size of minerals, and these properties may also limit the efficacy of amendments to change the site pH (Fellet et al., 2011; Ohno and Erich, 1990) .
Elements of Interest
Selected elements, which at high concentrations may result in adverse environmental effects, and their threshold values in soil amendments as defined by the International Biochar Initiative (IBI), European Biochar Certificate (EBC), and 2 Canadian provinces are listed in Table S2 . For all samples, concentrations for Co were <41 mg kg -1 , which is below the lower limit set by the IBI, Ontario, and Quebec and are not shown (IBI, 2013; MOE/OMAFRA, 1996; MDDEFP, 2012 Fe, and Ni (82.8%, 207 .2%, and 226.0% respectively) in biochars, and eroded steel has been considered a possible source of contamination during biochar production (Buss et al., 2016; EBC, 2015) . In this study, abrasion of the pellets may have been exacerbated by the higher Si content of SGrass ( Figure 3 ). WdAsh A exceeded the maximum allowable As concentration of 41 mg kg -1 in Quebec (Table S2 ). Yet, these concentrations are within the 6-62 mg kg -1 range reported for bottom ash residues from incinerated household, wood, fuel, and industrial waste (Saqib and Bäckström, 2016) .
The guidelines set by the EBC, IBI, and various jurisdictions encompass the application of amendments such as biochars and WdAsh in agriculture, forestry, horticulture, and urban development (EBC, 2015; IBI, 2013; MOE/OMAFRA, 1996; MDDEFP, 2012) . However, there is also interest in using these materials in contaminated sites that may already contain elements (e.g. As, Cd, Cu, Ni, Pb, Zn) at levels that exceed the recommended threshold values (Beauchemin et al., 2015; Kelly et al., 2014) . In these cases, application rates of biochar and WdAsh may be indirectly governed by other regulations, such as environmental regulations for metal discharges at mine sites that may restrict the input rate of amendments (MMER, 2015) .
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Loadings Plots
The loadings plots generated after PCA of chemical, XRD, and EDX data are displayed in Figures the loadings plot for the EDX spectra shows that Ca was highly negatively correlated to PC1 and slightly negatively correlated to PC2. Similarly, the corresponding vectors plot in Figure 8a shows that Ca plots more negatively along the x (PC1) compared to the y (PC2) axis. Figure S4 . Individual scores plots from Figure 8 in the main text. Principal component analysis of scanning electron microscopy-energy dispersive X-ray spectra of 10 biochars and WdAsh A. PC1 represents 38.7% of the variance, PC2 represents 23.0% of the variance, and PC3 represents 15.5% of the variance. EDX spectra were filtered using PC3 to plot data that did not contain signals from Cl, K, Mg, Na, and P at PC5 = 0, and the resulting Filtered PC5 vs. PC2 scores plot illustrates the distribution of Cl, K, Mg, P, and S in the samples. The vector direction and main correlated elements are labelled in the scores plots of Airex 1, but arrow lengths are meaningless (a, b, b.1). Each row shows scores plots for the 10 biochars and WdAsh A: a), b), b.1) Airex 1; c), d), d.1) Airex 2; e), f), f.1) Pyrovac; g), h), h.1) BassWd 400; i), j), j.1) BassWd 450; k), l), l.1) Willow 450; m), n), n.1) Willow 500; o), p), p.1) Basques C; q), r), r.1) SGrass 450; s), t), t.1) Poultry 450 (derived from poultry litter), and u), v), v.1) WdAsh A. The same PC combinations are plotted along columns: a), c), e), g), i), k), m), o), q), s), u) are the PC1 vs. PC2 scores plots for 10 biochars and WdAsh A; b), d), f), h), j), l), n), p), r), t), v) are the PC3 vs. PC2 scores plots for 10 biochars and WdAsh A; and b.1), d.1), f.1), h.1), j.1), l.1), n.1), p.1), r.1), t.1), v.1) are the Filtered PC5 vs. PC2 scores plots for 10 biochars and WdAsh A. S14
Individual scores plot for PCA of EDX
